Background: Approximately 15% of the 4 million annual US births occur in rural hospitals.
affect maternal and infant health (eg, postpartum hemorrhage, infant morbidity and mortality, and prolonged length of stay). 14, [21] [22] [23] [24] [25] [26] Clinical guidelines and measurement protocols have been developed to guide maternity care quality improvement. 11, 21, [27] [28] [29] [30] These efforts are generally being implemented without particular regard for rural-urban differences. We document current obstetric practices, changes over time, and relevant differences between rural and urban settings.
METHODS

Data
Obstetric deliveries in both rural and urban hospitals were identified from the Nationwide Inpatient Sample 31 (NIS) datasets 2002-2010 (N = 7,188,972 total births: 6,316,743 urban and 837,772 rural). The NIS uses a stratified, single-stage cluster sampling design, with region, urban or rural location, teaching status, ownership, and bed size to identify strata. After stratification, a 20% random sample of hospitals from the target population (US community hospitals) is taken. The NIS, with 100% of discharges from sampled hospitals, has been a uniform database to support comparative health services research since 1998. 31 
Measurement
Primary outcomes for this analysis use International Classification of Diseases-9th revision (ICD-9) codes and reflect measures appropriate for assessing quality in rural hospitals 32 ; outcomes include low-risk cesarean, vaginal birth after cesarean (VBAC), cesarean without medical indication, and labor induction without medical indication. Low risk is defined as a woman with a pregnancy that is not preterm (Z37 wk gestation), singleton, vertex position, and with no prior cesarean delivery. Medical indications are defined based on the Specifications Manual for Joint Commission National Quality Measures (v2011A, appendix A). Medical indications possibly justifying labor induction included premature or prolonged rupture of membranes, HIV infection, placenta previa, vasa previa, antepartum hemorrhage, hypertensive disorders, postdates, liver, renal or cardiovascular disease, abnormal blood glucose, coagulation defects, multiple gestation, unstable lie, fetal malformation, poor fetal growth, fetal chromosomal abnormality, fetal-maternal hemorrhage, Rh/ABO isoimmunization, fetal distress, intrauterine death, stillbirth, polyhydramnios, oligohydramnios, abnormal fetal heart rates, amniotic infection, and pregnancy with poor obstetric history. Contraindications for vaginal delivery included complications related to preterm labor or multiple gestation, long or obstructed labor with multiple gestation, malpresentation (eg, breech), complications from prior cesareans, and other serious fetal or placental problems.
Hospital urban-rural status was based on US Census Core-Based Statistical Area codes. Patient-level covariates were maternal age, race/ethnicity, primary payer, and maternal medical conditions, including the following complications of pregnancy, labor, and delivery: diabetes, hypertension, preeclampsia, eclampsia, postterm pregnancy, multiple gestation, placental complications, malpresentation, fetal disproportion, fetal distress, prior cesarean delivery, and preterm delivery.
Analysis
We used generalized estimating equations with a log link and adjusted SEs to account for hospital-level clustering. Models were controlled for age, race, and payer and included interaction terms between year and rural location to evaluate whether annual trends in outcomes differed by hospital location. We also calculated unadjusted odds with models controlling for age alone, age and race, and clinical covariates. These results confirm main analyses and are presented as Supplemental Digital Content (http://links.lww.com/MLR/A609).
To illustrate rural and urban time trends, we also calculated predicted probabilities using mean covariate values (Table 1) , to represent a typical childbirth-related hospitalization and coefficients generated by the generalized estimating equations models described above ( Table 3 ). All analyses were performed using SAS, version 9.3.
This research was approved by the University of Minnesota Institutional Review Board (ID 1209S20781).
RESULTS
Differences Between Births in Rural and Urban Hospitals and Trends Over Time
Women giving birth in rural hospitals were younger than those giving birth in urban hospitals (52.9% vs. 37.5% below the age of 25 years), were less diverse (46.9% white vs. 38.5% white), and were more likely to have Medicaid coverage (50.9% vs. 39.3%; Table 1 ). In addition, there were lower rates of pregnancy complication in rural versus urban hospitals. From 2002 to 2010, obstetric trends were similar across settings ( Table 2 ). In rural hospitals, unadjusted cesarean rates for lowrisk women grew from 12.9% to 15.5% versus 12.7% to 16.1% in urban hospitals. VBAC rates declined from 13.1% to 5% in rural hospitals and from 18.8% to 10.0% in urban hospitals. Nonindicated labor induction increased from 9.3% to 16.5% in rural hospitals and from 10.3% to 12.0% in urban hospitals. This represents a 17.3% relative increase among urban hospitals versus a 77.7% increase in rural hospitals. Nonindicated cesarean rates grew from 14.3% to 16.9% in rural hospitals and 14.3% to 17.8% in urban hospitals.
Differential Time Trends Between Rural and Urban Hospitals
Controlling for sociodemographic factors, low-risk women had 6% higher odds of cesarean delivery in a rural (vs. urban) hospital in 2002 [adjusted odds ratio (AOR) = 1.06 (1.04-1.07); Table 3 ], but the odds of cesarean delivery among low-risk women grew slightly more quickly in urban hospitals, with an annual increase of 4% across the study period [annual AOR = 1.04 (1.03-1. Figure 1 shows predicted probabilities for labor induction for a woman with population average characteristics ( Table 1, 
DISCUSSION
Rising cesarean rates are a challenge faced in both rural and urban locations. Nonindicated labor induction is increasingly common for births in rural hospitals. This analysis indicates that women giving birth in rural and urban hospitals may experience different childbirth-related benefits and risks. Whether these trends continue will depend in part on the implementation of current policy recommendations and health reform efforts.
Financial and Policy Implications
Medicaid pays hospitals about 50% less than private insurers for childbirth-related services. 4 A higher proportion of rural (vs. urban) residents are enrolled in Medicaid, and rural hospitals receive 14% of their revenue from Medicaid. 33 Rural hospital administrators often cite a high percentage of Medicaid patients as a financial concern in their obstetric services line. 3 Because of Medicaid's important role in financing childbirth care, particularly in rural hospitals, Medicaid payment policy has great potential to inform and catalyze quality improvement in obstetric care, 34 for example, by adjusting payment to discourage nonindicated deliveries before 39 weeks gestation. 35 However, rural-urban differences should be FIGURE 1. Predicted probability of labor induction without medical indication over time (2002-2010) for a 28-year-old, white, and privately insured, low-risk women, by hospital location. Predicted probabilities were calculated using coefficients generating using the model presented in Table 3 . considered in implementation of payment policies. Hospitals that struggle to comply with requirements or recommendations to reduce the use of this procedure may experience revenue reductions and may hamper efforts (eg, educational trainings, protocol development, or staffing increases) that may be required for effective implementation of quality improvement efforts. The medico-legal environment may also influence rural obstetric practice by liability insurance rate surcharges for lowvolume and family physician obstetric providers. 36 New and emerging models of health care delivery including the establishment of Accountable Care Organizations (ACOs) may provide opportunities for shared resources and shared savings to facilitate the implementation of evidence-based care, 37, 38 but rural-urban differences in ACO implementation may impact obstetric care. One consequence of perinatal regionalization has been reduced availability of obstetric services in some rural areas, 23, 39 and ACO implementation may further decrease the availability of rural obstetric care through hospital consolidations. It may, however, also catalyze new maternity care practice models, including collaborative practice between obstetricians, nurse-midwives, and family physicians, as well as ACO collaborations across rural and urban sites. 40, 41 Health and Clinical Practice Implications Small differences in annual trends between rural and urban hospitals constitute large cumulative effects over time. Our findings have important implications for the adoption of quality improvement programs and clinical management protocols in both rural and urban hospitals. A recent NIH consensus panel issued recommendations for reducing the rate of first-time cesareans. 21 These recommendations, although not yet universally agreed upon, may be helpful to clinicians and administrators and are clinically valid in both rural and urban hospitals; however, implementation and logistical barriers may delay or prevent adoption of the recommendations in rural settings, which face staffing shortages and resource limitations. 3, 16, 17, 42 The goal of any hospital-rural or urban-should be to provide evidence-based care consistently to all maternity care patients. Although the means may differ across settings, policy efforts should enable rural and urban hospitals to achieve the same level quality of care. Future research should assess the appropriateness and effectiveness of these and other obstetric care guidelines in both rural and urban settings. Efforts underway to narrow the rural-urban gap in quality of maternity care specifically, and health care generally, should be rigorously evaluated.
Limitations
NIS data do not contain information to distinguish nulliparous women or identify nonindicated procedures performed between 37 and 39 weeks of gestation. Clinical notes and information on the number of obstetric providers within hospital catchment areas are also unavailable. We construct outcome measures based on ICD-9 codes. Therefore, some diagnoses or procedures (eg, labor induction) may be underreported; we do not, however, expect this to differentially affect births in rural and urban hospitals. Our final regression models controlled for individual demographic characteristics, but we also used alter-native model specifications based on hospital characteristics and clinical conditions; results were robust to these specifications (Supplemental Digital Content, http://links.lww.com/MLR/ A609).
CONCLUSIONS
This analysis offers important insight into obstetric care trends in rural and urban hospitals. Rising cesarean rates for low-risk pregnancies and nonindicated cesareans are challenges for both rural and urban hospitals. National trends toward greater use of nonindicated labor induction were especially pronounced in rural hospitals. Maternal and child health promotion policies, including payment reforms for nonindicated interventions and labor management practices, may face different implementation challenges in both rural and urban hospitals. These findings provide clinicians, hospital administrators, and policymakers an opportunity to address disparate trends between rural and urban settings and to improve maternity care quality.
